We assessed a pilot project by UNICEF and Hindustan Unilever Limited to improve the quality of drinking water for children in schools through adoption of improved drinking water practices among households in southern India. The intervention consisted of providing classrooms of 200 schools a commercial water purifier, and providing basic hygiene and water treatment information to students, parents, and teachers. We found no evidence that the intervention was effective in improving awareness or uptake of effective water treatment practices at home. A similar proportion of household members in the intervention and control groups boiled their water ( P = 0.60), used a ceramic filtration system ( P = 0.33), and used a cloth filter ( P = 0.89). One year after the launch of the campaign, household ownership of the commercial purifier promoted at schools was higher in the intervention group (26%) than the control group (19%), but this difference was not statistically significant ( P = 0.53).
INTRODUCTION
The World Health Organization (WHO) estimates that improving water, sanitation, and hygiene could prevent at least 9.1% of the global burden of disease and 6.3% of all deaths. 1 Diarrhea represents a significant share of this burden, causing an estimated 4 billion cases and 1.9 million deaths each year of children < 5 years of age, or 19% of all such deaths in developing countries. 2 With over 386,000 deaths attributable to diarrheal diseases per year, India ranks first among countries contributing to this worldwide disease burden.
Although 84% of Indians have access to improved water supply, only 22% have household taps, so that most of the population must collect, transport, and store water in the home. 3 Even water that is safe at the point of distribution is subject to frequent and substantial contamination during collection, transport, and storage. 4 Point-of-use (POU) water treatment, combined with safe storage, is one option for improving the quality of drinking water and reducing the burden of diarrheal disease burden. 5 The WHO and United Nations Children's Fund (UNICEF) recommend POU water treatment as part of an overall strategy for the prevention of diarrheal disease among young children. 6, 7 Promotion of POU products in schools has shown success in reducing diarrheal disease 8 and absenteeism 9, 10 among school children in rural Western Kenya. In countries with free primary education, schools may be a way to reach poorer and more marginalized populations with health messages. Children can be effective promoters of health messages, specifically water, sanitation, and hygiene messages, 11 but like all promotional campaigns, success may depend on effective messaging and the appeal of the product to be promoted. 12 However, promotion in schools should be tailored to children with specific tasks to promote peer-to-peer learning and diffusion to households. [13] [14] [15] In September 2007, UNICEF and Hindustan Lever Limited (HUL) collaborated in a pilot study among 200 schools in Krishnigiri District of Tamil Nadu, India designed to provide safe drinking water to children in school while increasing awareness and adoption of effective POU water treatment at home. The intervention consisted of 1) placing a Pureit brand water purification system (HUL) in classrooms, and 2) providing basic instruction to students, parents, and teachers on waterborne diseases and generic information on effective POU water treatment (boiling, chlorination, filtration, solar disinfection, and safe storage). By providing the device to schools, it was hoped that parents would be exposed to the intervention without having to commit to purchasing the device, drawing on key aspects of diffusion of innovations theory, particularly by increasing the visibility of the innovation and allowing it to be experimented with before adoption. 12 We were engaged to assess the pilot.
METHODS
Setting. The pilot was undertaken among 200 primary and middle schools and anganwadis (nurseries) in the Krishnigiri and Bargur Administrative Blocks of Krishnigiri District, Tamil Nadu, India. UNICEF selected the catchment area, in part because of concerns about safe drinking water and other environmental risks of diarrheal diseases. 16 In addition to the pilot program described below, the study setting was exposed to commercial activities, including radio and billboard advertising and a microfinance campaign described below, undertaken in India to promote awareness and adoption of the filter used in the intervention.
Pilot program. Over a period of 12 days between December 2007 and January 2008, HUL technicians visited each of the intervention schools to install the purifiers in or just outside the classrooms, with a distribution of 1 device per 50 students. The purifier, which has been described elsewhere, 17 is a gravitybased water treatment system designed for use in settings without reliable water pressure or electric power. The purifier includes a "battery" of consumables (pre-filter, carbon block, chlorine, and granular activated chlorine) designed to be replaced after treating 1,500 L. The device was supplied with one replacement set of consumables, and classrooms were responsible to organize parents to purchase additional sets. Teachers at each intervention school and Panchayat (town) Presidents from surrounding communities attended a one-day training conducted by UNICEF on water treatment and handling practices. Head teachers at each school were asked to promote safe water messages among teachers and students, organize a rally to promote awareness of the program, and supervise use of the filters at the school. As part of the training, each teacher was provided generic safe water materials to introduce the concept of safe water treatment and handling practices. Topics covered in the training and safe water booklet include causes of fecal contamination of water, diseases spread because of contaminated water, and safe water handling methods. Methods of water disinfection discussed included boiling, chlorination, and solar disinfection as well as advantages and disadvantages for each method.
Integrated Village Development Project (IDVP) campaign. Independent from the pilot, HUL undertook a separate program to support the distribution of purifiers in the study community by IVDP, a microfinance institution (MFI). Under this program, IDVP extends credit to women's self-help groups that can be used, among other things, to acquire purifiers at subsidized prices. The IDVP campaign was extended only to women who were members of the IVDP self-help groups. These trainings were provided to members at self-help group meetings by HUL staff and included education on the benefits of safe water, discussion of Pureit, and a product demonstration. Individual members were free to use their loans to purchase the product. Through September 2009, IVDP had sold 46,000 units throughout the study area, though promotion was not homogeneous in all villages. HUL also began promotion of branded purifiers through radio advertising and billboards.
Assessment design and participant selection. Seventytwo middle and primary schools, stratified evenly between Krishnigiri and Bargur Administrative Blocks, were included in a trial to assess the pilot program. Primary schools from each block were randomly selected to be intervention schools. To control for potential confounding associated with socioeconomic status (SES), climate, and unknown confounders, control schools within the same administrative location were randomly selected as controls. There were 56 primary schools and 16 middle schools included in the baseline sample. Although a baseline survey was attempted by a professional data collection agency, there were irreparable problems with linking cluster-level identifiers at baseline; as such, we are relying here on randomization to render the study arms equivalent in all material respects. 18 Surveys were conducted during a follow-up conducted in February 2009, 12 months after the intervention. To avoid misclassification, 11 (15%) of the schools initially enrolled in the study were not included in the followed up end-line survey because they either were intervention schools that did not receive the intervention or control schools that did receive the intervention ( Figure 1 ) .
Sample size. The sample size was calculated assuming a 15% acquisition of filters in the unexposed communities (from a negligible amount at baseline) and expected a difference of 10%. We assumed an intra-cluster correlation of 0.05. At each school, pupils were randomly selected from class rosters. Parents of selected pupils were visited at their homes to be interviewed, with preference given to the female head of household. A total of 517 parents were interviewed.
Data collection. Interviews consisted of completing prescribed surveys in which questions were read to the interviewees in Tamil by the data collector. Question topics included knowledge, attitudes, and practices relating to water supply, water treatment, sanitation, and hygiene at school and home. Surveys were originally developed in English, piloted and reverse translated for quality control purposes. Survey data was collected on paper surveys, entered into an electronic database using Microsoft Excel 2007 (Redmond, WA), and analyzed using SAS version 9.2 (SAS Institute, Cary, NC) and STATA version 10 (College Station, TX). Data analysis. SES was calculated using principal component analysis (PCA) based on indicators taken from the 1999 India Demographic and Health Survey. [19] [20] [21] Water and sanitation variables were excluded from the asset index so that they could be modeled individually. Using the factor score generated from PCA, the population was put into wealth terciles. The first principal analysis explained 16.8% of the variance. Education levels were categorized using at least some secondary school and some/completed primary school, using no education as the referent. Statistical significance for univariate and bivariate data was calculated using a chi-square (χ 2 ) test with one degree of freedom unless otherwise noted. The Cochran-Armitage test for trend and Fisher's exact test were used as appropriate. Significance was assessed at the α = 0.05 level and incorporated variance estimations accounting for the clustered study design. For multivariable analysis, outcomes of interest were assessed using mixed effects models generated using the xtlogit procedure in STATA; standard errors are adjusted to account for clustering at the school level. 22 The design variables included in the model were intervention status and school type (middle versus primary schools). Covariates of interest and confounding variables-SES, membership in a selfhelp group, education status of female head of household, male head of household education status, having children < 5 years of age in the household, and toilet in compound-were determined a priori to data analysis and modeled with intervention status. Potential interaction and effect modification were assessed for all covariates. Because of issues of compatibility between tools and data collection protocols, baseline data were used only for descriptive purposes and were not included in the multivariable models.
Ethics. Prospective study participants were provided details about the study, advised that their participation was completely voluntary and anonymous, and asked to consent to the study before undertaking the surveys. Although the study was an evaluation of a government-authorized program and therefore exempt from Indian ethics approval, the investigators applied for and obtained approval for the study by the ethics committee of the London School of Hygiene and Tropical Medicine and institutional ethics committee of HUL. Table 1 provides information on the participating schools, households, and students at follow-up. None of the differences between intervention and control groups was significant at the α = 0.05 level. Households from the control and intervention group were statistically similar on key demographic variables such as SES, education level, and household size.
RESULTS

Demographics, water, and sanitation facilities.
Purifier use and battery replacement in schools.
Intervention schools were provided a mean of 3.6 purifiers (range 1-8).
On the basis of observation at the school, 84 (88%) of the filters provided were still working at the time of follow-up and 74 (78%) were filled with water at the time of the site visit ( Table 1 ) . Assuming that each student drinks 500 mL to 1 L during the 5 hours/day in school, 6 and the school year is 180 days, then the consumables in each purifier would need to be replaced three to six times per year based on the student population. We found that in the 12 months before our survey, just 71% of schools had replaced their consumables after the initial set supplied with the purifier and no school had replaced the batteries more than once.
Safe water awareness. We assessed the knowledge of safe water by asking respondents to list the factors they associate with safe water ( Table 2 ). Over 95% of respondents said that safe water looked clear. More households in the intervention group listed safe water as being free from germs (89% versus 80%, P = 0.07) and that it would not make people sick (61% versus 50%, P = 0.23) as compared with the control communities. Alternatively, respondents in control communities were more likely to say that safe water does not have a smell (12% versus 22% P = 0.14) or tastes good (6% versus 19%, P = 0.04) as compared with intervention households. However, only the difference in taste was significant at the α = 0.05 level.
Purifier awareness. Purifier awareness was high among all respondents, with no statistical difference between intervention and control groups (90% versus 88%, P = 0.71) ( Table 2 ). The most common source of information for both adopters and non-adopters about the purifier came from the self-help group (72%). Those in the intervention group were statistically more likely to hear about the purifier from their children's teacher (52% versus 9%, P < 0.001) and from their child (22% versus 7%, P = 0.002). Those in the control group were significantly more likely to have heard of the purifier from family or friends than those in the intervention group (52% versus 68%, P = 0.001). Twenty-five percent of respondents in the intervention group got their primary message about the purifier from their children or teachers at school, as opposed to 3% in the control communities ( P < 0.001).
Adoption of water treatment methods. Forty-five percent of households reported treating their water to make it safe to drink. The most commonly reported techniques included boiling (24%), using a cloth filter (21%), and using a candle, ceramic, or chlorine-based filter or the purifier (19%) ( Table 2 ) . A similar proportion of household members in the intervention and control groups reported boiling (22% versus 25%, P = 0.60), using a filtration or purification system (22% versus 20%, P = 0.33), and using a cloth filter at the source or at home (24% versus 16%, P = 0.89). Ninety-five of the purifiers and filter systems observed in homes were chlorination-based purifiers promoted by the program and self-help groups in the area. The difference in ownership of the purifiers at the end of the year (26% versus 19%, P = 0.53) was not statistically significant. Reported reasons for not purchasing the purifier were consistent between the intervention and control groups, with affordability being the major reason given; only 3% of non-adopters reported that they didn't believe they needed a purifier.
Multivariable analysis-awareness. Assessing the effect of the school-based intervention only-while controlling for school type-households in the intervention community had a 1.2 (95% confidence interval [CI] = 0.4-3.1) times greater odds of hearing about the purifier, though the difference was not significant (data not shown). When controlling for confounders ( Table 3 ) , awareness among intervention households was not significant. Those in the least poor SES tercile had a 3.6 times greater odds of awareness of a purifier (95% CI = 1.2-10.8) compared with the households in the poorest tercile; the difference between the middle SES tercile and poorest was Determinants of purifier adoption. Bivariate Associations. Key covariates assumed a priori to data analysis to be associated with purifier adoption are found in Table 4 . Unadjusted bivariate associations showed no relationship between intervention and purifier adoption. Socio-economic status, presence of a toilet in the compound, high maternal education , and having some or many friends who own a purifier were all significant predictors of purifier adoption. Adopters were statistically more likely than non-adopters to have heard of a purifier from their self-help group (97% versus 66%, P < 0.001) and television (70% versus 44%, P = 0.001). Among households in the intervention group, 88% of adopters had seen a purifier at their child's school, as opposed to 76% of non-adopters ( P = 0.05). Similarly, 7% of adopters had children that brought water home from school, as opposed to 0% of non-adopters ( P < 0.001). The difference between adopters and non-adopters who had spoken to a teacher or tasted water at the child's school was non-significant.
Multivariate analysis-adoption. Households whose children attended the intervention schools were not more likely to purchase a purifier ( Table 5 ) as determined either by the model adjusting for design variables (OR = 1.3, 95% CI = 0.6-2.6) or with the parsimonious fully adjusted model (OR = 1.2, 95% CI = 0.5-2.7). Those in the middle SES tercile were twice as likely as those in the poorest to own a purifier (OR = 2.3, 95% CI = 1.1-5.2), as were those in the least poor (OR = 2.2, 95% CI = 1.0-4.7). Owning a toilet was also a positive predictor of purifier adoption (OR = 4.4, 95% CI = 1.6-12.2). Similar associations were found in models of awareness: households with female heads belonging to a self-help group were more likely (OR = 34.7, 95% CI = 9.3-130.5) to own a purifier as compared with non-members. The intra-cluster variance (ρ) was 0.26, representing a high degree of the variation explained by the school clusters.
There was no association with the intervention and increased reported use of cloth filtration at the home or water source (model 2: OR = 0.6, CI = 0.2-2.4) or boiling (model 3: OR = 0.4, CI = 0.1-1.2). Increased wealth (OR = 2.6, CI = 1.1-6.0) and toilet use (OR = 3.7, CI = 1.2-11.5) were associated with use of cloth filtration. At least some secondary education among male heads of household was associated with reduced use of cloth filters (OR = 0.4, CI = 0.2-0.9). Having a toilet was also associated with increased boiling (OR = 3.0, CI = 1.1-8.3).
DISCUSSION
There has been increased attention in recent years on promotion of water, sanitation, and hygiene (WASH) in schools. 23 However, most of the work to date has involved implementing organizations assembling lessons learned and best practices. 24, 25 To our knowledge, this is the first study using an experimental design to assess the impact of school-based water quality interventions to increase the awareness and uptake of effective POU water treatment in the home. Although our study was not designed to assess the effectiveness of the pilot in providing safe drinking water in schools, our results provide mixed evidence on this issue. A high proportion of the purifiers was functioning and observed to be in use at the time of the site visit. However, it is not clear that the output of the purifier-9 L in 2-3 hours-would be sufficient to meet the needs of 50 students in school for 5 hours. Moreover, as with many school-based WASH programs, sustainability and meeting the recurrent costs of purchasing consumables is a challenge. 26 None of the broken purifiers were replaced and the rate of repurchase of consumables was well below what would be necessary to provide safe water to children during the time of the program implementation.
This study provides no evidence that the intervention was successful in increasing awareness or adoption of boiling, improved storage, or other potentially effective water management practices in homes, including the purifier that was placed in classrooms within the context of the non-experimental promotion through microfinance organizations and using commercial media. Households in the intervention group reported hearing messages about effective water treatment in the home from children and teachers, and the source of messages about the purifier was associated, sometimes strongly, with adoption. However, messages from pupils or teachers in this study were not associated with adoption. The fact that the program did not increase awareness of any of these POU water treatment methods suggests that either the communication strategy was not effective or that other mechanisms were far more influential. High levels of awareness in the control group underscore this finding. As prior research has shown, and teachers know well, the mere delivery of hygiene or any other instruction in a school-based setting is no guarantee of changes in knowledge, much less behavior. 13, 14 There is evidence that the purifier that was used in the pilot could not be adopted by this target population without economic support or without a more targeted marketing approach. Membership in a self-help group was critical to increasing awareness and uptake of the purifier. Self-help groups not only provide credit to members but also to other critical aspects for diffusion through exposure to product demonstrations, early adopters, or changing social norms through exposure with peer influence. 12 It is not clear in this case whether the key mechanism of action for self-help group membership was through promotion, reducing financial barriers to adoption, or creating an enabling social norm, or all of the above. The fact that nearly all respondents who purchased the purifier did so through the self-help group underscores that likelihood that the upfront cost of the product is an important barrier; and the evidence suggests that this barrier is not overcome solely through a school-based intervention aimed at increasing awareness. It is also possible that the success of the self-help group model diluted the potential impact of the pilot program by enhancing the awareness and availability of the specific filter products promoted. These approaches could be seen as complementary, because the self-help groups provided financing and access to the product, whereas the school program provided education and the opportunity to see and test the product.
SES plays a substantial role in which households are aware of the purifier, which households purchased the product and which used cloth filtration. Social marketing typically fails to reach the poorest households and the hypothesis is that promotion in schools will level the disparity typically found in socially marketed durable goods; though promotion of POU products by self-help groups may reach populations typically missed by social marketing. 27 Although those in the lowest tercile in this study were able to access safe water products, the study design did not allow for us to determine if promotion through self-help groups reduced disparity of access over traditional commercial mechanisms. That the interaction between intervention status and SES was not significant in the multivariable model indicates that promotion of the purifier in the school did not reduce the disparity of adoption. Reaching the poorest and most vulnerable households is critical for a successful safe water intervention, because those most impacted by diarrheal disease mortality are the poorest households with lack of access to health support. We did not find that the intervention had any effect in reducing disparity with respect to awareness or adoption of safe water treatment. Owning a toilet was strongly associated with purifier adoption (and awareness in the case of toilets). Toilet ownership may be an additional proxy for wealth status not captured in the SES factor score. Though, it may also serve as a proxy for hygiene awareness or health seeking behavior.
Those with children < 5 years of age were more likely to have heard about, but not to adopt the commercial filter. On the basis of the association between SES and adoption discussed previously, to reach those at greatest risk of diarrheal diseases, there is a need to either finance the product to reduce front-end cost or find ways to cross-subsidize the product. Cost was the most significant factor identified by non-adopters as a reason they did not purchase the product. Without a means to finance the product-such as through a micro-loanacquisition is unlikely. In this study, the role of microfinance institutions and self-help groups in providing product access was evident. However, from these data, we are unable to isolate the role of self-help group membership in adoption, whether it was provision of a supply, knowledge about the importance of safe water, financing, or an enabling social norm for treatment of water. Additional research is needed to better understand the drivers of adoption to facilitate promotion of the purifier through self-help groups.
Knowledge of a risk associated with unsafe water is thought to be critical though not sufficient for driving adoption of safe water practices. 28 We did not attempt to identify drivers of adoption, only understand if we increased knowledge in the community. We found limited evidence of correlations that biological and health-based drivers of water treatment (germs cause illness) were more prevalent in intervention communities, and sensory-based beliefs (smell, taste) were more prevalent in control areas. Typically, though acceptability (taste, smell) is often critical in adoption of POU water treatment products, 28 health is often not identified as a key driver of behavior change relating to safe water practices. 29 We expected that message channels from reliable sources and social norms would play a significant role in behavior change. 12 Although intervention households were more likely to have heard about the product from children and teachers, this did not lead to greater uptake across the program area. Adopters were more likely to have seen the filter at school and have children bring water home; however, the lack of difference between the intervention arms in overall adoption raises questions about influence and causality of these influences. Awareness of the filter product increased dramatically throughout the study area, but it is clear that awareness alone was insufficient to drive acquisition.
The relationship between having friends that own a purifier and adoption underscores the influence of social norms on behavior change. However, having friends that own a purifier may be a proxy for wealth, because those that can afford a purifier also have friends that can afford it, thus helping explain some of the disparity relating to SES. Prestige and status may be a critical driver of filter acquisition, like with other WASH interventions such as hygiene 30 and sanitation. 31 There is need for additional research to understand the role that individual drivers and messages play in POU behavior change and product adoption.
This study had several limitations. First, because the baseline data were unreliable, we were unable to calculate double differences. Because the purifier was largely unavailable before the intervention, we believe that the random selection and matching process mitigated potential imbalance between intervention and control communities. Second, in accordance with the study protocol, we excluded 11 schools from the data analysis that were intended to be included in the study (and therefore part of the allocation of the intervention) but were not actually included in the intervention or the data collection. While this minimizes the risk of misclassification, it prevents a strict intention-to-treat analysis of the results. However, insofar as we found the intervention to be ineffective even among the schools that actually received the intervention, the exclusion of these schools would not impact the results because their inclusion would likely move the point estimate to the null. Third, although these schools were excluded only because UNICEF did not actually reach them when conducting the project, we cannot rule out the possibility that this exclusion was not random, therefore impacting the equivalency of the intervention and control groups in all material respects. Fourth, the parallel promotion activities and the microfinance campaign through self-help groups may have diluted any potential effect of the school-based pilot in terms of both awareness and adoption. Isolation of this pilot from these other commercial activities may have increased the impact of the intervention but would have represented an artificial setting; both UNICEF and HUL sought to examine the additional and targeted contribution the pilot would have in a real world context. The low level of adoption among non-selfhelp group members underscores the need to pair any promotional campaign for higher-end filters with a mechanism for financing acquisition. A POU water treatment solution with a lower front-end cost may not face the same barriers to adoption and could result in higher uptake by a school-based campaign. Finally, we cannot rule out the possibility that students and parents of control schools were exposed to the purifier through intervention schools, thus resulting in an underestimate of the effect of the intervention.
CONCLUSION
Schools and school children can play an effective role in increasing awareness and adoption of healthful practices and products at home. However, our results, like those in prior studies, show that delivering a WASH intervention at the school level does not guarantee its effectiveness. Interventions at schools require deliberate messaging and activities for children and technologies developed for home use may be inappropriate for use at schools. 32 Although other studies have suggested that schools and children can play a role in securing uptake of healthful interventions at home, our results suggest that at least for household-based water treatment devices with a comparatively high upfront cost, economic status or the availability of credit may be more fundamental to their uptake.
Although the impact of the pilot on uptake may have been diluted because of other promotional activities within the study population, such as promotion by IVDP and commercial advertising, the evidence suggests that in this context and with a relatively high-cost filter the communication/behavior change strategy (software) was insufficient to increase uptake of effective POU methods at home and that the commercial purifier (hardware) required economic support for adoption that was not included in the intervention. Our results suggest that the school-based intervention in Krishnigiri did not add to the effectiveness of the secular commercial activities undertaken to promote the purifier in India, and that access to a microfinance organization was a more effective vehicle for overcoming the barriers to adoption of effective POU at home, at least in the case of options such as the purifier with a comparatively high upfront cost.
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